The first scolopocryptopid centipede described from the fossil record is a specimen of the subfamily Scolopocryptopinae in Miocene amber from Chiapas, southern Mexico.
Abstract
The first scolopocryptopid centipede described from the fossil record is a specimen of the subfamily Scolopocryptopinae in Miocene amber from Chiapas, southern Mexico.
It is described as Scolopocryptops simojovelensis n. sp., displaying a distinct combination of morphological characters compared to extant congeners. Anatomical details of the fossil specimen were acquired and quantified by non-invasive 3D synchrotron microtomography using x-ray phase contrast. The phylogenetic position of the new species is inferred based on a combination of morphological data with sequences for six genes (18S and 28S nuclear rRNA, nuclear protein-coding Histone H3, and mitochondrial 12SrRNA, 16S rRNA and COI) for extant
Scolopendromorpha. The dataset includes eight extant species of Scolopocryptops and
Dinocryptops from the Neotropics, North America and east Asia, rooted with novel sequence data for other blind scolopendromorphs. The molecular and combined datasets, analysed in a parsimony/direct optimization framework, identify a stable pattern of two main clades within Scolopocryptopinae. North American and Asian species of Scolopocryptops are united as a clade supported by both morphological and molecular characters. Its sister group is a Neotropical clade that nests Dinocryptops within a paraphyletic assemblage of Scolopocryptops species. The strength of support for the relationships of extant taxa from the molecular data allow the Chiapas fossil to be assigned with precision, despite ambiguity in the morphological data; the fossil is resolved as sister species to the Laurasian clade.
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INTRODUCTION
Scolopocryptopinae are widely distributed through tropical parts of the world, with occurrences that extend into the temperate region in the northern hemisphere. Their distribution is largely circum-Pacific, including western North America from Baja California to southern Alaska, most of the eastern United States (see Shelley, 2002: fig.75 for North American distribution) throughout Mexico, Central America and the Caribbean, South America as far south as Argentina and southern Brazil, east Asia (mainland China, Taiwan, Korea, Japan), Vietnam, the Philippines, the Indonesian Archipelago, New Guinea, and Fiji. They also occur widely through tropical west Africa (Demange, 1963; 1968) .
In the Neotropical region, the group is represented by five currently recognised species of Scolopocryptops Newport, 1845, and one species of Dinocryptops Crabill, 1953, following revisions by (Chagas, 2003; . After a long period of taxonomic confusion and nearly universal application of the name Otocryptops Haase, 1887, for what taxonomists now call Scolopocryptops (Chagas, 2003 for a historical review), the modern concept of the genera took shape when Crabill (1953) 
erected
Dinocryptops. Distinction between the two genera relies on a taxonomic character that had figured in the group's systematics since a revision by Pocock (1895 Pocock ( -1910 , the absence (Scolopocryptops) or presence (Dinocryptops) of a spiracle on trunk segment 7.
The fossil record of Scolopendromorpha, though extending as far back as the Late Carboniferous, consists of just a few species, most of which are known from a small number of specimens (Edgecombe, 2011) The only published fossil representative of Scolopocryptopinae is a specimen from Dominican amber (Miocene) illustrated by Poinar & Poinar (1999, fig. 87 ). The specimen has 23 legbearing segments and a single strong ventral spinose process on the prefemur of the last leg pair, both of these being diagnostic characters for Scolopocryptopinae. Herein we provide the first formal description of an extinct species of Scolopocryptopinae, provided by a single complete individual (Fig. 1A) in Miocene amber from Chiapas State in southern Mexico.
Most amber fossils from Chiapas are sourced from mines in marine calcareous sandstones and shales near the village of Simojovel de Allende (Solórzano Kraemer, 2007; , and the fossil treated here comes from these sites. The amber occurs in the La Quinta or Simojovel Formation (dated to the early Miocene based on its foraminiferans, corals and pollen) and the Mazantic Shale, variably dated to the Oligocene-Miocene boundary based on isotopic signatures in mollusc shells (Vega, Nyborg, Coutiño et al., 2009) , early Miocene based on its molluscs (Perrilliat, Vega & Coutiño, 2010) , or early middle Miocene based on a correlation with Dominican and Puerto Rican ambers (Solórzano Kraemer, 2010) . A single record of amber in a third stratigraphic unit, the Balumtun Sandstone, may be reworked from the Mazantic Shale (Solórzano Kraemer, 2007) . The correlation with Dominican amber (age data listed by Penney, 2010 ) is indicated by close similarities in their respective insect faunas (Solórzano Kraemer, 2007) , and dates the Chiapas occurrences to between 15 and 20 My.
The fossil scolopocryptopine is preserved in a piece of amber that includes numerous insect inclusions. The large size of the centipede and the undulating configuration of its trunk make standard preparation techniques for small amber inclusions untenable. Several taxonomically important characters used in the systematics of Scolopocryptopinae could not be examined in light microscopy because they were obscured by another structure. Accordingly, we employed synchrotron microtomography in order to extract more anatomical details. Because of the large specimen diameter and the need to resolve small features, a local tomography approach was employed where only the volume of interest remained in the beam, e.g. (Stock, 2008) . The data were reconstructed a) as measured, i.e. with a mixture of inline X-ray phase contrast and absorption, and b) after phase-retrieval, i.e. after processing using an algorithm based on the transport-of-intensity equations.
The microtomographic and light microscopic data for the Miocene fossil permit it to be coded in a morphological dataset alongside its extant congeners, and a complimentary molecular dataset was built for extant Scolopocryptopidae. Analysis of the combined data -morphological and molecular -provides a basis for inferring the systematic position of the fossil.
MATERIAL AND METHODS
Synchrotron microtomography and data visualization
Synchrotron microtomography of the amber specimen was performed at station 2-BM of the Advanced Photon Source, Argonne National Laboratory (De Carlo, Xiao & Tieman, 2006) . Radiographs of the specimen were recorded every 0.12º and with 20.7 keV monochromatic radiation. After each set of projections were recorded, the specimen was translated vertically (along the centipede's body axis) in order to cover a new portion of the fossil. The separation between the detector and the tomography rotation axis was 30 mm, and either a 2.5X or 5X objective lens was used in the detector system (producing isotropic reconstructed volume elements, voxels, 2.9 µm or 1.45 µm in size, respectively). Because this level of resolution was required to study the features of interest in the fossil and the detector consisted of 2K elements in the plane of reconstruction, only a fraction of the amber remained in the beam at all angles. The region-of-interest stayed in view for all angles and was centred on the centipede's body. This approach is termed local tomography and provides accurate geometry but shifted values of linear attenuation coefficient (Xiao, De Carlo & Stock, 2007) . Reconstructions were on a 2K x 2K grid with software modified from Gridrec (Dowd et al., 1999) applied directly to the measured data or were with a filtered back projection algorithm after phase-retrieval based on the transport-ofintensity equations (Paganin et al., 2002) and implemented in ANKAphase (Weitkamp et al., 2011) .
Data processing and visualization were carried out using Avizo Fire 7.0 (Visualization Sciences Group). The 32-bit raw data were downsampled to 16-bits and the data were filtered with 7x7x7 kernel median filter in order to remove ring artefacts and noise. Segmentation was performed manually.
Taxonomic sampling
Our phylogenetic data consist of 16 extant species belonging to the family Scolopocryptopidae and the Chiapas amber fossil, together with 9 species belonging to the families Cryptopidae, Plutoniumidae and Scolopendridae (see Table 1 for list, Appendix 1 for voucher details). Previous analyses including multi-locus sequence data agreed on the monophyly of Scolopocryptopidae and identified the blind families Cryptopidae and Plutoniumidae as their closest relatives (Murienne, Edgecombe & Giribet, 2010; Vahtera, Edgecombe & Giribet, 2012) . Accordingly members of these families are used as outgroups for rooting Scolopocryptopidae, the sample including two species of the plutoniumid Theatops Newport, 1844, four species of the cryptopid Cryptops Leach, 1815, and one of the closely-allied Paracryptops Pocock, 1891. Because the interrelationships of the three blind families have been unstable (Koch, Edgecombe & Shelley, 2010; Vahtera et al., 2012) we include a few more distantly-allied outgroups. These sample one representative of each of the two diverse subgroups of Scolopendridae, the otostigmine Otostigmus astenus (Kohlrausch, 1881) and the scolopendrine Cormocephalus aurantiipes (Newport, 1844). These taxa were selected for the completeness of the molecular character set.
Scolopocryptopinae for which the genes used in our study (see "Character sampling") are available from previous work are Scolopocryptops sexspinosus (Say, 1821) and S. nigridius McNeill, 1887 (Edgecombe & Giribet, 2004; Murienne et al., 2010) and Dinocryptops miersii (Vahtera et al., 2012 Shinohara, 1990 . The latter species was placed in synonymy with S. spinicauda by Shelley (2002) , but the molecular evidence presented in our study strongly indicates that a Japanese species (S. nipponicus) is distinct from the western United States species S. spinicaudus, and we refer to the Japanese taxon by its valid, available name. The analysis includes recently generated sequence data for other subfamilies of Scolopocryptopidae as well (members of Ectonocryptopinae and Newportiinae analysed by Vahtera et al., 2012) , to which we here add novel data for three additional species of Newportia.
When possible, we included more than one specimen per species in order to cover the geographical range better. The two geographically widespread species of Scolopocryptops that occur throughout the Neotropical region are sampled from different parts of their geographic ranges: S. mexicanus samples are from the Dominican Republic, Colombia, and Ecuador; samples of S. melanostoma were sourced from Costa Rica and Fiji.
Character sampling
Morphological data consist of 52 characters ( Table 2 ; Appendix 2), mostly extracted from our previously published dataset (Vahtera et al., 2012) . To that are added several new characters (chs. 5, 7, 11, 20, 34 , and 37 in Table 2 ) that are cladistically informative for species-level interrelationships of Scolopocryptopinae.
For the most part, molecular laboratory work followed the same protocols as in Vahtera et al. (2012) , which used the two nuclear ribosomal markers (18S and 28S rRNA) and the two mitochondrial markers (16S rRNA and cytochrome oxidase-c subunit I) employed herein. The only differences involve the two new additional markers: nuclear protein-encoding Histone H3 (hereafter H3) and mitochondrial ribosomal 12S rRNA were applied in this study. H3 was amplified using the primer pair H3aF -H3aR (Colgan et al., 1998) and 12SrRNA using 12Sai -12Sbi (Kocher, Thomas, Meyer et al., 1989) . The optimal annealing temperatures were 51°C for H3 and 45° for 12SrRNA. Chromatograms were visualized and assembled using Sequencher 4.9 or 4.10.1 (Gene Codes Corp., Ann Arbor, MI, USA).
Phylogenetic analyses
The sequences of each fragment were compared simultaneously in Se-Al v2.0a11 sequence alignment editor (Rambaut, 1996) . The two amplified parts of 28S rRNA were aligned using MUSCLE alignment software (Edgar, 2004) . Since the 28S fragments contained several long (<150 bp) insertions, GBlocks (Castresana, 2000) was used to remove the parts that were not present for all terminals. The six genes together sum to ca 4600 b.p. per terminal.
The phylogenetic analyses were conducted parallel using the computer package POY ver. 4.1.2 (Varón, Vinh & Wheeler, 2010) on Odyssey cluster at Harvard University, FAS Research Computing group (http://www.odyssey.fas.harvard.edu).
The Direct Optimization approach (Wheeler, 1996) was used with parsimony as the optimality criterion. The COI, H3 and 28S data were treated as prealigned, the other fragments analysed unaligned. All fragments were analysed both individually and in combination. For both individual and combined molecular data sets, we conducted sensitivity analysis (Wheeler, 1995) in order to explore the sensitivity of the data to parameter variation. We explored a parameter space of two variables (indel ⁄ transversion ratio and transversion ⁄ transition ratio) for a total of six parameter sets: 111, 121, 211, 221, 3211 and 3221. The first number in each parameter set reflects the ratio between indel/transversion and the two subsequent values represent the transversion/transition ratio. In two of them (3211, 3221), a cost for gap opening and extension is also specifically defined (i.e. in 3221 a gap opening costs 3, a gap extension 1, and all nucleotide transformations cost 2). All parameters were analysed per each fragment or combination using a timed search (3 h for each analysis). In order to test how long it takes the combined molecular tree length to stabilize, we conducted four different rounds of sensitivity analysis with and without auto sequence partitioning command. After each round we reported the tree length in order to see when the length stabilizes. The parameter set that minimized the incongruence length difference (ILD) among the data set was chosen as optimal. For both the combined molecular data as well as the combined molecular and morphological data, the parameter set of the lowest ILD value was 3221 (gap opening = 3, gap extension= 1, transversion = 2, transition = 2). We used this optimal parameter set in the final, deeper search (15 h each for both combined molecular data alone and together with equally weighted morphological data).
The morphological data were analyzed separately with TNT (Goloboff, Farris & Nixon, 2008) using heuristic search strategies. For analysis of morphology on its own, implied character weights (Goloboff, 1993) were used, testing sensitivity of clades to different concavity constants (k=2, 3, 4, 5, 6) . Searches involved 1000 random stepwise addition sequences of the taxa, saving up to 100 trees per replicate, and swapping on those trees with tree bisection-reconnection (TBR). Multistate characters were all treated as non-additive (unordered). One multistate character that exhibited polymorphism (either of states 0 or 1 in different specimens) was analysed using the "NONA" option in TNT, i.e., analysed as either of the two states. Clade support under implied weights was evaluated with symmetric sampling (measured by the GC ratio of Goloboff et al., 2003) , with 1000 replicates each having a 33% change probability.
For the molecular and combined datasets, jackknife resampling (Farris et al., 1996) was used to estimate the nodal support. 1000 jackknife replicates were each set with a 36 % probability of each fragment being deleted. (Figs. 1C, 3A) . 17 articles in right antenna (left antenna preserves only basal few articles, the remainder eroded from the inclusion); moderately long setae numerous over length of articles to at least article 8; articles 2 and 3 bearing a similar, moderate number of setae dorsally (neither is sparsely setose); short, dense setae on article 4 and more distal parts of antenna.
Systematics
Anterior margin of forcipular coxosternite partly covered (Fig. 3C) , only visible on lateral half of right side; exposed part of margin approximately straight, its more medial part anterior to its lateral part, lacking lateral tooth or lateral bulge.
Complete pair of paramedian sutures on TT16-21 ( Fig. 2A, B (Fig. 1D) ; ultimate leg with small accessory spurs. Sternite of segment 23 with evenly concave posterior margin.
Coxopleural pore field extending close to base of coxopleural process ventrad, posterior margin of pore field sinuous but without a re-entrant field devoid of pores dorsad (Fig. 3D) . Dorsomedial spinose process of ultimate leg prefemur more than half the length of strong ventral spinose process (Fig. 2C, D) . Setal density on distal articles of ultimate leg (Fig. 2D) apparently similarly sparse to that on proximal part (no evidence for clustered "bottle brush" setae on any article).
RESULTS AND DISCUSSION
Morphological data
The identification of the fossil as Scolopocryptopinae is based on its lack of ocelli, 23 pedigerous trunk segments, strong anastomosing grooves parallel to the posterior margin of the tergites ( Fig. 2A, B) , single tarsal article on legs 1-21 and bipartite tarsi on legs 22 and 23, slender ultimate leg on which the prefemur bears a single dorsomedial spinose process and a single large ventral spinose process (Fig. 2C) , a coxopleural process that terminates as a single strong spine (Fig. 2C) , and presence of paired tibial spurs on most trunk legs that are reduced to a single (ventral) spur on one or two more posterior legs (Fig. 1B) .
As noted in the introduction, the sole basis for distinguishing between Scolopocryptops and Dinocryptops is the absence or presence of a spiracle on the seventh trunk segment. Spiracles have not been detected in the fossil because of poor preservation of the pleuron; even the spiracle on segment 3, which can be large in Scolopocryptopinae, is not seen in light microscopy, and the synchrotron imagery did not clarify the presence or absence of the spiracle on segment 7. This seemingly prohibits making an assignment to one of either Scolopocryptops or Dinocryptops according to the traditional criteria. In fact, the monophyly of Scolopocryptops is contradicted; given that the two genera are distinguished by alternative states of the same character, one is expected to be paraphyletic with respect to the other, and morphology-based analyses suggest that recognition of Dinocryptops leaves Scolopocryptops as a paraphyletic grouping (Edgecombe & Koch, 2008; Koch et al., 2010; ). The phylogenetic analyses described below strongly support the paraphyly of Scolopocryptops with respect to Dinocryptops. We have assigned the fossil species to Scolopocryptops because that name would have priority were Dinocryptops placed in synonymy, and none of our phylogenetic analyses (Fig. 1D) , possesses both dorsal and ventral tibial spurs on leg 19
(versus a ventral spur only on leg 19 in S. melanostoma), and has a ventral tibial spur on leg 20 (Fig. 1B) . The slope of the short extent of the forcipular coxosternal margin that is visible in the fossil suggests that the medial part of the margin is anterior to the lateral part (versus the opposite in S. melanostoma). Following Chagas (2008), we apply the name S. mexicanus to Neotropical material that has generally been identified as S. ferrugineus (Linné, 1767). Compared to S. mexicanus, the Chiapas specimen lacks a lateral tooth on the forcipular coxosternal margin, and has a substantially longer coxopleural process (both a longer spinose distal part as well as a more sloping posterior margin when seen in lateral view (Fig. 2C) , cf. (Attems, 1930: fig. 347 for S. ferrugineus). It appears to differ from both of these species in that antennal articles 2 and 3 bear numerous setae dorsally.
Character coding for S. simojovelensis was aided by the synchrotron imaging.
Light microscopy demonstrated the presence of the coxopleural pore field but did not permit the shape of the field to be visualised. An embayment (a pore-free area) in the pore field on its posterodorsal side (Attems, 1930: fig. 350 ) is shared by some Neotropical Scolopocryptopinae (S. macrodons, S. melanostoma, Dinocryptops miersii), and its presence was coded as character 37. The synchrotron data allowed the complete pore field to be documented in the fossil (Fig. 3D) , and show the absence of a posterodorsal embayment (character state 0). In total, the fossil can be coded for 33 of 52 characters in the dataset (Table 2) , many of the missing codings applying to characters of the peristomatic organs (Edgecombe and Koch, 2008 ) and the foregut (Koch et al., 2009 ).
The morphological cladistic analysis supports the assignment of S. simojovelensis to Scolopocryptopinae, that group being retrieved in all 9 best-fit cladograms (Fig. 4) . These nine cladograms and their consensus in Fig. 4 are stable across the range of explored concavity constants. All identify Newportiinae as sister group of Scolopocryptopinae, i.e., monophyly of Scolopocryptopidae. Dinocryptops miersii, the type species of that genus, is nested within a paraphyletic
Scolopocryptops, and its closest relatives within Scolopocryptops are other Neotropical species, S. macrodon and S. melanostoma. The Asian and North
American members of Scolopocryptops unite as a clade, united by margination of the cephalic plate (character 7), a character that is lacking in S. simojovelensis (Fig. 3A) .
Within that group, species with incomplete paramedian sutures on the tergites (character 20) are monophyletic to the exclusion of the sampled species that has complete sutures (S. rubiginosus). The precise placement of S. simojovelensis within Scolopocryptopinae is subject to some ambiguity, the species being resolved in three alternative positions: either it or S. mexicanus is sister species to the other Scolopocryptopinae, or S. simojovelensis is sister species to the clade composed of S.
macrodon, S. melanostoma and D. miersii.
Molecular data
The parameter set that minimised incongruence for the molecular data is 3221 (Table   3 ). The single most parsimonious cladogram for the combination of the six genes (length 14465 steps) is shown in Fig. 5 . This topology is congruent with the morphological cladogram (Fig. 4) Within the Asian/North American clade, the molecular cladogram resolves the Japanese S. nipponicus as sister species of S. rubiginosus (JF 99) . This provides a strong counterargument to the proposal that S. nipponicus is a subjective synonym of the Western North American species S. spinicauda (Shelley, 2002) ; the two taxa are separated on the tree and accordingly cannot be regarded as a widespread species with a Transpacific distribution.
The molecular cladogram is more explicit than the morphological with respect to relationships within Newportiinae. As was the case for morphology, the nesting of Ectonocryptopinae (sampled by Ectonocryptoides quadrimeropus) within Newportiinae is found for the molecular data under the most congruent parameters but two suboptimal parameter sets resolved Ectonocryptopinae as sister to a monophyletic Newportiinae.When Newportiinae is paraphyletic, the same species of Newportia (N. N. stolli is non-monophyletic under all studied parameter sets, its two sampled specimens failing to unite with each other. Similarily, N. divergens is most likely nonmonophyletic, its specimens grouping together only under one sub-optimal parameter set (221). This contrasts strikingly with the situation for species of Scolopocryptopinae that were sampled from different parts of their geographic ranges (Scolopocryptops mexicanus, S. melanostoma, Dinocryptops miersii) , in which the two samples united with each other with JF 100. The non-monophyly of two species
of Newportia throw open the question of species delineation in that genus; work in progress involving much more intensive sampling of these putative species and other
Mesoamerican Newportia species will focus on this issue.
Combined analysis
Incongruence between morphology and the six genes is minimised under parameter set 3221, the same parameters that were optimal for the molecular data alone. The single shortest cladogram (length 14570 steps) for the combined data under these parameters (Fig. 6 ) has an identical topology to the molecules-only cladogram (Fig. 5) with respect to the interrelationships of extant taxa across the entire tree. As was likewise the case for the molecules alone, relationships within Scolopocryptopinae are very stable across the explored parameter space.
In the total evidence cladogram, Scolopocryptops simojovelensis is resolved in a different position to the best fit morphological cladograms with implied weights, the combined data resolving it as sister group of the Laurasian clade. That placement is stable across the six explored parameter sets (JF 95 for the optimal parameters). This resolution is affected by a different placement of some extant species (such as S. mexicanus) for the morphological and molecular data, and also reflects a difference in character weighting. The combined analysis applied equal weights to the morphological data partition, and the resolution of S. simojovelensis at the base of the Laurasian clade is found in a subset of the shortest morphological cladograms under equal weights. In those morphological trees that resembling the total evidence tree in resolving S. sexspinosus at the base of the Laurasian clade, the alliance of S. simojovelensis with that group is supported by character 5, state 2 (the basal antennal article alone being sparsely setose).
Discussion
Inferring relationships within Scolopocryptopinae has been greatly aided by the availability of a multi-locus molecular dataset. Although some of the deeper relationships within the group were retrieved by morphology on its own (e.g., monophyly of the Laurasian clade, monophyly of a group of Neotropical species), the relationships of some species that were ambiguous with morphology alone, such as Scolopocryptops mexicanus, were decisively resolved with the molecular data. The same applies to the placement of the new fossil species, even though it (obviously) lacks the entire molecular character set. The greater degree of precision of the molecular data for resolving the interrelationships of the extant species allowed for the choice of a single optimal position of the fossil on the cladogram, instead of the multiple placements that were permitted by morphology on its own. This pattern reflects a phenomenon that had been detected with real and simulated datasets, i.e., molecular data improving the accuracy with which the relationships of fossils can be inferred (Wiens, Kuczynski, Townsend et al., 2010) .
The biogeographic significance of the fossil Scolopocryptops is also affected by the difference between morphological and total evidence analyses. Morphology resolved the fossil species either at or near the base of Scolopocryptopinae or detected an alliance with a Neotropical clade (= S. macrodon + S. melanostoma + D. miersii).
In contrast, the cladogram based on the combined datasets resolved the Mexican amber species as more closely allied to a Laurasian group than it is to species from the Table 2 under implied weights (k=2, 3, 4, 5 and 6) . GC values >50% shown above branches for concavity constant k=3. Position of Scolopocryptops simojovelensis highlighted. 
18.
Inverted Y-shaped sutures on T1 (anterior median suture and divergent posterior sutures): (0) absent; (1) present.
19.
Pre-and metatergites: (0) pretergite and metatergite merged; (1) strong pretergite set off from metatergite by continuous, transverse suture.
20.
Completeness of paramedian sutures on tergum: (0) complete on at least some tergites; (1) none extending more than posterior one-third of tergite length.
21.
Crescentic sulci on tergites: (0) absent on all tergites; (1) present on most tergites.
22.
Tergite margination: (0) margins present on more than last tergite; (1) restricted to last tergite only.
23.
Shape of ultimate tergite: (0) not substantially longer than penultimate tergite;
(1) nearly twice as long as penultimate tergite.
24.
Median suture on ultimate tergite: (0) absent; (1) present.
25.
Line of skeletal thickening across sternites originating at coxa: (0) absent; (1) present.
26.
Endosternite: (0) absent; (1) present.
27.
Setae on locomotory legs: (0) strong, numerous; (1) slender, sparse.
28.
Structure of tarsi of locomotory legs: (0) divided into two articles; (1) fused, at least internally.
29.
Tarsomeres in tarsus 2 of ultimate leg: (0) undivided tarsus 2; (1) tarsus 2 with numerous tarsomeres.
30.
Definition of tarsomeres in tarsus 2 of ultimate leg: (0) regular tarsomere boundaries; (1) irregular tarsomere boundaries.
31.
Tarsal spurs of locomotory legs: (0) absent; (1) present.
32.
Dorsolateral tibial spur: (0) absent on all locomotory legs; (1) present on one or more locomotory legs.
33.
Ventral tibial spur: (0) absent on all locomotory legs; (1) present on most locomotory legs.
34.
Pretarsal accessory spurs on locomotory legs: (0) well-defined; (1) rudimentary.
35.
Strongly thickened, forcipulate ultimate leg: (0) absent; (1) present.
36.
Coxopleural process of ultimate leg: (0) absent; (1) present (represented at least by spur).
37.
Embayment in posterodorsal margin of coxopleural pore field: (0) absent; (1) present.
38.
Armature of ventral side of ultimate leg prefemur: (0) spines and spinous processes absent, as on locomotory legs; (1) single small spine on each prefemur and femur; (2) large spinous process(es); (3) spines in ordered rows.
39.
Arrangement of spinous processes on ultimate leg prefemur: (0) a few processes in an irregular row; (1) single large ventral process and smaller dorsomedial process.
40.
Ventral spinose processes on ultimate leg femur: (0) absent; (1) present.
41.
Saw teeth on ventral side of ultimate leg tibia and tarsus I: (0) absent; (1) present.
42.
Saw teeth on ultimate leg femur: (0) absent; (1) one or two distally.
43.
Medial sclerotisation of labral part of epipharynx: (0) sclerotisation continuous from median tooth to border with clypeal part; (1) sclerotisation confined to region immediately proximal to median tooth, discontinuous with border with clypeal part.
44.
Node-or spine-like scales across proximal labral part of epipharynx: (0) absent; (1) present.
45.
Sensillar field(s) on clypeal part of epipharynx: (0) band of sensilla coeloconica medially, immediately proximal to spine field; (1) lenticular field of sensilla coleoconica immediately proximal to spine field; (2) crescentic field of sensilla coeloconica laterally;(3) large field of sensilla coeloconica across median clypeal part, separated from spine field by a substantial expanse that bears scattered pores.
46.
Paired lateral cluster of sensilla on clypeal part of epipharynx: (0) both groups positioned laterally, widely separated from each other; (1) positioned medially, with each group closely approximating each other near midline.
47.
Extent of lateral longitudinal bands of scales on clypeal part of epipharynx: (0) not confluent across midline; (1) confluent across midline, developed proximomedially as polygonal scales.
(1) posterior part of foregut organised as a sieve with stiff, anteriorly-directed projections.
49.
Anterior gizzard projections with pigmented bases bearing spinose scales or spines, distal part translucent, tapering, bearing dense hairs: (0) absent; (1) present.
50.
Terminal part of large pineapple-shaped projections of gizzard: (0) projections evenly tapering, tip filamentous; (1) projection bifid, with a short conical tip emerging from the notch.
51
Shape of main zone of sieve projections: (0) evenly curved; (1) kinked near midlength, with distal part more strongly directed forwards.
52
Longitudinally patterned bands of trichomes on basal half of sieve projections:
(0) absent (trichomes, if present, not patterned); (1) present.
